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(57) A magnetic random access memory (MRAM)
having middle oxide layers formed by a hetero-method
and a method of manufacturing the same are provided.
The MRAM including a magnetic tunneling junction
(MTJ) formed of a lower magnetic layer, an oxidation
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an atomic layer deposition (ALD) method, and the other
material layers, particularly the oxidation preventing lay-
er, are formed by a method other than the ALD method.
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Description

[0001] The presentinvention relates to a semiconduc-
tor memory device and a method of manufacturing the
same, and more particularly, to a magnetic random ac-
cess memory (MRAM) comprising a middle oxide layer
formed by a hetero-method and a method of manufac-
turing the MRAM.

[0002] A magnetic random access memory (MRAM)
is a memory device for reading and writing data using a
phenomenon that resistance values of a magnetic tun-
neling junction (MTJ) layer changes according to the
magnetization direction of the two magnetic layers con-
sisting the MTJ layer.

[0003] The MRAM can be highly integrated and can
perform high-speed operations like a dynamic random
access memory (DRAM) and a synchronous dynamic
random access memory (SRAM) and has a non-volatile
characteristic to store data for a long time without a re-
fresh process.

[0004] FIG. 1 is a cross-sectional view illustrating a
general structure of an MRAM. As illustrated in FIG. 1,
in general, an MRAM includes a transistor T performing
a switching process and one MTJ layer S which is elec-
trically connected to the transistor T and where data
such as "0" and "1" is written.

[0005] Referring to FIG. 1, in a conventional method
of manufacturing the MRAM, a gate stacking material
12, which includes a gate electrode, and the source and
drain areas 14 and 16 at both sides of the gate stacking
material 12 are respectively formed on a semiconductor
substrate 10. The gate stacking material 12 and source
and drain areas 14 and 16 together form the transistor
T which performs the switching process on the semicon-
ductor substrate 10, and a reference numeral 11 indi-
cates a field oxide layer. Then, an interlayer insulating
layer 18 covering the transistor T is formed on the sem-
iconductor substrate 10. After forming the interlayer in-
sulating layer 18, a data line 20 covered by the interlayer
insulating layer 18 in an upper portion of the gate stack-
ing material 12 is formed to be parallel with the gate
stacking material 12. A contact hole 22 exposing the
drain area 16 in the interlayer insulating layer 18 is
formed. Then, the contact hole 22 is filled with a con-
ductive plug 24, and a pad conductive layer 26 contact-
ing the top surface of the conductive plug 24 is formed
on the interlayer insulating layer 18. More specifically,
the pad conductive layer 26 is formed over the data line
20.

[0006] In addition, the MTJ layer S is formed on an
area of the pad conductive layer 26, which corresponds
to the data line 20, and a second interlayer insulating
layer 28 covering the pad conductive layer 26 and the
MTJ layers is formed on the material resulting from the
formation of the MTJ layer S. A via hole 30 exposing an
upper layer of the MTJ layer S is formed in the second
interlayer insulating layer 28. A bit line 32 filling the via
hole 30 is formed on the second interlayer insulating lay-
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er 28 in a vertical direction to the gate electrode and the
data line 20.

[0007] The MTJ layer S included in the MRAM of FIG.
1 is formed in a way shown in FIGS. 2 and 3.

[0008] Thatis, as shown in FIG. 2, a lower magnetic
layer S1, atunneling barrier layer S2, and an upper mag-
netic layer S3 are sequentially formed in a predeter-
mined area of the pad conductive layer 26, and then, a
mask pattern M, limiting an area in which the MTJ layer
S will be formed, is formed on an upper magnetic layer
S3.

[0009] The tunneling barrier layer S2 is formed by de-
positing a metal layer such as an aluminum layer Al on
the lower magnetic layer S1 and oxidizing the metal lay-
er. In order to oxidize the metal layer, one of plasma ox-
idation, UV oxidation, natural oxidation, and ozone oxi-
dation may be used.

[0010] Thereafter, as shownin FIG. 3, the MTJ layers
are completely formed on the pad conductive layer 26
by etching the above sequentially formed material lay-
ers in reverse order to an order in which they were dis-
posed using the mask pattern M as an etching mask,
and thereafter removing the mask pattern M. One of ion
milling using an argon gas, dry etching using a chlorine
gas, and reactive ion etching may be used for etching
the sequentially formed material layers in the reverse
order. In addition, the MTJ layer S may be formed by a
lift-off method.

[0011] Generally, the tunneling barrier layer S2 of the
MRAM should be formed uniformly without defects for
tunneling to be spin-dependent.

[0012] Asdescribed above, the tunneling barrier layer
S2 of the MRAM in the conventional method is formed
by oxidizing a metal layer using one of the methods of
plasma oxidation, UV oxidation, natural oxidation, and
ozone oxidation. However, some problems arise with
the oxidation process on the metal layer.

[0013] In specific, when the metal layer is oxidized us-
ing the plasma oxidation method, an interface of thin lay-
ers consisting the lower magnetic layer S1, which is lo-
cated under the metal layer, is damaged, and thereby,
a magnetic resistance (MR) ratio of the MTJ layer S or
the stability of the MRAM is lowered.

[0014] Moreover, when the metal layer is oxidized us-
ing methods aside from the plasma oxidation method,
thickness uniformity of the tunneling barrier layer S2
may be changed. The change in the thickness uniformity
of the tunneling barrier layer S2 along with a change in
the thickness uniformity of the metal layer, which is in-
evitable in a manufacturing process, dramatically
change the characteristics of the MRAM, for example,
the MR ratio.

[0015] One solution to the above problems is to form
the MTJ layer S of the MRAM using an atomic layer dep-
osition (ALD) method.

[0016] In a case where the MTJ layer S of the MRAM
is formed by the ALD method, a target material layer,
that is, the tunneling barrier layer S2, having uniform
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thickness can be formed. However, since characteris-
tics of the interface of the target material layer and a
material layer placed under the target material layer are
changed, and the MR ratio is lowered.

[0017] According to an aspect of the present inven-
tion, there is provided an MRAM having one transistor
and one MTJ layer in a unit cell, wherein the MTJ layer
may be formed by sequentially stacking a lower mag-
netic layer, an oxidation preventing layer, a tunneling ox-
ide layer, and an upper magnetic layer.

[0018] The oxidation preventing layer may be formed
of an AlO, layer and the tunneling oxide layer may be
formed of one of an AIO, layer, an Al,Hf;,,O, and, an
Fe30, layer.

[0019] The tunneling oxide layer may have a repeat-
ing structure where respective components are sequen-
tially stacked in each atomic layer unit.

[0020] According to another aspect of the present in-
vention, there is provided a method of manufacturing an
MRAM having one transistor and one MTJ layer in a unit
cell, wherein the MTJ layer is formed by sequentially
stacking a lower magnetic layer, an oxidation preventing
layer, a tunneling oxide layer, and an upper magnetic
layer, and wherein the tunneling oxide layer is formed
using an atomic layer deposition (ALD) method and at
least the oxidation preventing layer among the above
three material layers is formed using a method other
than the ALD method.

[0021] The oxidation preventing layer may be formed
of an AIO, layer using a sputtering process. The lower
and upper magnetic layers may be formed using a sput-
tering process and the ALD method.

[0022] The tunneling oxide layer may be formed of
one of an AlO, layer, an Al,Hf,_,O, and, an Fe30, layer.
[0023] As aconsequence, the tunneling oxide layer is
formed to have a uniform thickness that can be adjusted
easily. Therefore, resistance of the MTJ layer is easily
adjusted and a resistance variation between memory
cells can be reduced. Moreover, a decrease in the MR
ratio can be prevented by precluding any damage in the
lower magnetic layer when forming the tunneling oxide
layer.

[0024] The present invention provides a magnetic
random access memory (MRAM) in which a tunneling
oxide layer of a magnetic tunneling junction (MTJ) layer
has a uniform thickness, which prevents a magnetic re-
sistance (MR) ratio from being lowered due to a dam-
aged lower layer disposed under the MTJ layer.

[0025] In addition, the presentinvention also provides
a method of manufacturing the MRAM.

[0026] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof
with reference to the attached drawings in which:

FIG. 1is across-sectional view illustrating a general
structure of a magnetic random access memory
(MRAM);
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FIG. 2 is a cross-sectional view illustrating a struc-
ture and a method of forming a magnetic tunneling
junction (MTJ) layer of the MRAM in FIG. 1 in ac-
cordance with the order in which the structure is
formed;

FIG. 3 is a cross-sectional view sequentially illus-
trating an MTJ layer of the MRAM of FIG. 1;

FIG. 4 is a cross-sectional view of an MRAM com-
prising a middle oxide layer formed by a hetero-
method according to an embodiment of the present
invention;

FIGS. 5 through 8 are cross-sectional views se-
quentially illustrating a method of forming a MTJ lay-
er of an MRAM comprising a middle oxide layer
formed by a hetero-method according to an embod-
iment of the present invention;

FIG. 9 is a cross-sectional view illustrating a struc-
ture of an MTJ layer which is used in an experimen-
tal example in order to measure characteristics of
an MRAM comprising a middle oxide layer formed
by a hetero-method according to an embodiment of
the present invention;

FIG. 10 is a cross-sectional view of an MTJ layer as
a control for comparison with the MTJ layer of FIG.
9;

FIG. 11 is a graph illustrating resistance changes in
the MTJ layer of FIG. 10 according to bias voltage;
FIG. 12 is a graph illustrating a magnetic resistance
(MR) ratio and a resistance of the MTJ layer of FIG.
9 according to bias voltage; and

FIG. 13 is a graph illustrating resistance changes
according to changes in magnetic field applied to
the MTJ layer when a predetermined bias voltage
is applied to the MTJ layer of FIG. 9.

[0027] The present invention will now be described
more fully with reference to the attached drawings, in
which exemplary embodiments thereof are shown. This
invention may, however, be embodied in many different
forms and should not be construed as being limited to
the embodiments set forth herein; rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the concept of
the invention to those skilled in the art. In the drawings,
the forms of the elements are exaggerated for clarity. To
facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
elements that are common to the figures.

[0028] A magnetic random access memory (MRAM)
according to an embodiment of the present invention will
be explained.

[0029] FIG. 4 is a cross-sectional view of a MRAM
comprising middle oxide layers formed by a hetero-
method according to an embodiment of the present in-
vention.

[0030] Referring to FIG. 4, an active area (AA) and a
field area (FA) are set up in a semiconductor substrate
40, and a field oxide layer 42 is formed in the FA. A tran-
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sistor comprising a gate stacking material 44 and source
and drain areas 46 and 48 is formed in the AA which is
located between the two FAs. A first interlayer insulating
layer 50 covering the transistor is formed on the semi-
conductor substrate 40 and a data line 52 corresponding
to the gate stacking material 44 is formed on the first
interlayer insulating layer 50.

[0031] The data line 52 is a magnetic field generating
element for writing data to an MTJ layer 62. A magnetic
field passing an MTJ layer 62 is generated around the
data line 52 as a predetermined current is applied to the
data line 52 to write data. In this case, the transistor is
in an off-state.

[0032] A second interlayer insulating layer 54 cover-
ing the data line 52 is formed on the first interlayer insu-
lating layer 50. A contact hole 56, which is separated a
predetermined distance from the data line 52 and the
gate stocking material 44, is formed on the first and sec-
ond interlayer insulating layers 50 and 54. The drain ar-
ea 48 of the transistor is exposed through the contact
hole 56, which is filled with a conductive plug 58. A pad
conductive layer 60 contacting the top of the conductive
plug 58 is extended over the data line 52 on the second
interlayer insulating layer 54. The pad conductive layer
60 is formed by sequentially depositing a titanium (Ti)
layer and a titanium nitride (TiN) layer. The MTJ layer
62 is formed in a predetermined area of the pad con-
ductive layer 60 corresponding to the data line 52. The
MTJ layer 62 includes a seed layer (not shown), a lower
magnetic layer 62a, an oxidation preventing layer 62b,
a tunneling oxide layer 62c, an upper magnetic layer
62d, and a capping layer (not shown). The lower mag-
netic layer 62a is formed by sequentially stacking a pin-
ning layer and a pinned layer. The seed layer may be a
single or double layer. When the seed layer is a single
layer, it is preferable to be a tantalum (Ta) layer. The
pinning layer may be an anti-ferromagnetic layer, for ex-
ample, an IrMn layer, and the pinned layer may be a
ferromagnetic layer, for example a CoFe layer. The up-
per magnetic layer 62d may be a ferromagnetic layer
(hereinafter, free ferromagnetic layer) in which a direc-
tion of magnetic polarization is freely changed according
to an applied magnetic field. For example, the upper
magnetic layer 62b may be formed of an NiFe layer.
[0033] The structures of the lower magnetic layer 62a
and the upper magnetic layer 62d may be interchanged.
For example, the lower magnetic layer 62a may be a
free ferromagnetic layer, and the upper magnetic layer
62d may be formed by sequentially stacking a pinned
layer and a pinning layer. In this case, the lower mag-
netic layer 62a may be a NiFe layer, and the pinned layer
and the pinning layer may be a CoFe layer and an IrMn
layer, respectively.

[0034] The capping layer is intended to contact the
MT layer 62 with a bit line 70. The capping layer is
formed of a metal layer having low contact resistance,
for example, a Ta or Ru layer. The oxidation preventing
layer 62b is intended to prevent an interface of the lower
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magnetic layer 62a from being damaged, for instance,
by oxidation of the interface of the lower magnetic layer
62a, when forming the tunneling oxide layer 62c. The
oxidation preventing layer 62b is a first aluminum oxide
layer AlOy, for example, an Al,O4 layer. The tunneling
oxide layer 62c is formed by an atomic layer deposition
(ALD) method, a method of which is different from that
used for forming the oxidation preventing layer 62b.
That is, the tunneling oxide layer 62¢ is preferably
formed of an oxide layer having a predetermined thick-
ness, for instance, a second aluminium oxide layer
AlOy. However, it may be an AlyHf; 4O, or Fe30, layer.
In addition, the second aluminium oxide layer AlOy may
be, but are not limited to, an Al,O5 layer.

[0035] The MTJ layer 62 may be applied to not only
the MRAM of FIG. 4 but also to other MRAMSs, for in-
stance an MRAM including the data line 52 placed over
the MTJ layer 62 and the bit line 70 which is placed un-
der the MTJ layer 62.

[0036] A third interlayer insulating layer 64 covering
the pad conductive layer 60 and the MTJ layer 62 is
formed on the second interlayer insulating layer 54. A
via hole 66 exposing the MTJ layer 62 is formed on the
third interlayer insulating layer 64. In addition, the bit line
70 which fills the via hole 66 and contacts the MTJ layer
62 is formed on the third interlayer insulating layer 64.
The bit line 70 may be perpendicular to the data line 52
and the gate stacking material 44.

[0037] Next, a method of manufacturing the MRAM
having the aforementioned elements will be explained
with reference to FIGS. 4 through 8.

[0038] Referring to FIG. 4, the active area (AA) and
the field area (FA) are defined in the semiconductor sub-
strate 40 and the field oxide layer 42 for device separa-
tion is formed in the FA. The gate stacking material 44
including the gate electrode is formed on the AA. The
source and drain areas 46 and 48 are formed on the AA
at both sides of the gate stacking material 44. Thus, the
transistor is completely formed on the semiconductor
substrate 40. The transistor is in an off-state when writ-
ing data in the MTJ layer 62 and in an on-state when
reading data from the MTJ layer 62.

[0039] Then, the first interlayer insulating layer 50
covering the transistor is formed on the semiconductor
substrate 40. The data line 52 may be formed in a pre-
determined area over the gate stacking material 44 on
the first interlayer insulating layer 50 and parallel to the
gate stacking material 44. The data line 52 is intended
to write data in the MTJ layer 62 and a predetermined
currentis applied thereto when writing data. The second
interlayer insulating layer 54 covering the data line 52 is
formed on the first interlayer insulating layer 50. Then,
the contact hole 56 exposing a predetermined area of
the semiconductor substrate 40 is formed in the first and
second interlayer insulating layers 50 and 54. The drain
area 48 of the transistor is exposed through the contact
hole 56. After filling the contact hole 56 with the conduc-
tive plug 58, the pad conductive layer 60 is formed on
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the second interlayer insulating layer 54. Then, the pad
conductive layer 60 contacts the top surface of the con-
ductive plug 58 and extends over the data line 52. The
MTJ layer 62 is formed on a predetermined area of the
pad conductive layer 60, preferably over the data line
52.

[0040] Now, specific procedures of forming the MTJ
layer 62 will be explained with reference to FIGS. 5 and
8.

[0041] Referring to FIG. 5, a seed layer 61 is formed
on the pad conductive layer 60, and a lower magnetic
layer 62a including a pinning layer and a pinned layer is
formed on the seed layer 61. The layers of the lower
magnetic layer 62a are formed using a sputtering meth-
od or an ion beam deposition (IBD) method. Specific ex-
amples of the respective layers of the lower magnetic
layer 62a have been mentioned before and thus will be
omitted.

[0042] Next, a metal layer 62b', which will be used as
an oxide preventing layer in a subsequent process, is
formed on the lower magnetic layer 62a. The metal layer
62b' may be formed of an aluminium layer Al using a
sputtering method. Then, the metal layer 62b' is oxi-
dized using a predetermined method, for instance, a
plasma oxidation method. As a result, an oxidation pre-
venting layer 62b, for example, an aluminium oxide layer
AlO,, is formed on the top layer, that is the pinned layer,
of the lower magnetic layer 62a as shown in FIG. 6. The
oxidation preventing layer 62b is one of the middle oxide
layer, which is placed between the lower magnetic layer
62a and an upper magnetic layer 62d.

[0043] ReferringtoFIG.7,atunneling oxide layer62c,
the upper magnetic layer 62d, and the capping layer 63
are sequentially formed on the oxide preventing layer
62b. The tunneling oxide layer 62¢ as one of the middle
oxide layers is preferably formed by the ALD method
and the upper magnetic layer 62d is preferably formed
using a sputtering method.

[0044] Specific procedures of forming the tunneling
oxide layer 62c using a second aluminium oxide layer
AlOy and the ALD method will be explained.

[0045] The semiconductor substrate 40 having the
oxidation preventing layer 62b is loaded on a wafer
stage of an ALD apparatus maintained at a predeter-
mined temperature between 150°C and 500°C, prefer-
ably 400°C. Thereafter, a predetermined amount of a
first precursor including a first reactive element, alumin-
ium Al, is provided to the ALD apparatus and chemically
absorbed into a surface of the oxidation preventing layer
62b. In specific, the first precursor is a compound includ-
ing ligands of an aluminium and hydrocarbon series, for
instance, Al(CHj3);, Al(CH,-CH,- ... -CH3)3, or a com-
pound with one H of Al(CH,-CH,- ... -CH3)5 substituted
by CH,-CH,- ... -CHj4. The first precursor provided to the
ALD apparatus that is not chemically absorbed onto the
surface of the oxidation preventing layer 62b is dis-
charged from the ALD apparatus when the ALD appa-
ratus is ventilated. Then, a predetermined amount of a
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second precursor for oxidizing the first reaction element
Al of the first precursor on the oxidation preventing layer
62b is provided to the ALD apparatus. The second pre-
cursor may be formed of one of H,O and O3, but pref-
erably H,0.

[0046] Then, the first and second precursors chemi-
cally react with each other. Accordingly, a reactive by-
product 3CH, resulting from a reaction between a ligand
of the first precursor (-CHs)5 and H of the second pre-
cursor is formed as shown in a chemical reaction equa-
tion below, and the reactive by-product 3CHy, is volatil-
ized. Thus, the tunneling oxide layer 62c¢, that is the alu-
minum oxide layer AlOy, is formed on the oxidation pre-
venting layer 62b.

<Chemical Reaction Equation>

Al(CH3)4(g) + 3H,0(g) — Al,O4(s) + 3CH 4(g)

[0047] After the aluminium oxide layer AlOy is formed
on the oxidation preventing layer 62b, volatile materials
and other by-products are removed from the ALD appa-
ratus by exhausting the ALD apparatus. The aforemen-
tioned procedure will be repeated until the aluminium
oxide layer AlOy having a desired thickness is obtained.
[0048] Referring to FIG. 7, the upper magnetic layer
62 is a free ferromagnetic layer. The free ferromagnetic
layer may be formed of a single ferromagnetic layer or
at least two sequentially stacked ferromagnetic layers.
In the former case, the free ferromagnetic layer may be
formed of an NiFe layer.

[0049] After the upper magnetic layer 62d and the
capping layer 63 are formed on the tunneling oxide layer
62c, a photosensitive layer (not shown) is disposed on
the capping layer 63. Then, a photosensitive pattern 80,
which limits an area where the MTJ layer 62 of FIG. 4
will be formed, is formed by patterning the photosensi-
tive layer using general photolithography. The material
layers 61, 62a, 62b, 62c, 62d, and 63 stacked on the
pad conductive layer 60 are etched in a reverse order
using the photosensitive pattern 80 as an etching mask.
A dotted line of FIG. 7 indicates an etching direction.
This etching procedure will be continued until the pad
conductive layer 60 is exposed, and thereafter the pho-
tosensitive pattern 80 is removed by ashing and strip-
ping.

[0050] FIG. 8illustrates a cross-sectional view of are-
sulting material after the above etching process is fin-
ished and the photosensitive pattern 80 is removed. Re-
ferring to FIG. 8, the MTJ layer 62 comprising the seed
layer 61, the lower magnetic layer 62a, the middle oxide
layers 62b and 62c, and the upper magnetic layer 62d
is formed in a predetermined area of the pad conductive
layer 60.

[0051] Here, referring to FIG. 4, the MTJ layer 62 is
formed in a predetermined area of the pad conductive
layer 60, and then, a third interlayer insulating layer 64
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covering the pad conductive layer 60 and the MTJ layer
62 is formed on the second interlayer insulating layer
54. In addition, a via hole 66 exposing the MTJ layer 62
is formed in the third interlayer insulating layer 64, and
thereafter, the bit line 70 filling the via hole 66 is formed
on the third interlayer insulting layer 64.

< Experimental Example>

[0052] The MTJ layer of the present invention is
formed as shown in FIG. 9, in order to measure charac-
teristics of the MTJ layer, for instance, the MR ratio. Fur-
thermore, a conventional MTJ layer is also formed as
shown in FIG. 10, in order to compare the same with the
MTJ layer of the present invention.

[0053] Referring to FIG. 9, the seed layer 61 in the
MTJ layer according to the present invention is formed
of a Ta layer using sputtering. The lower magnetic layer
62a, which is a free ferromagnetic layer, is formed of a
NiFe layer using sputtering. The oxidation preventing
layer 62b and the tunneling oxide layer 62c¢ forming the
middle oxide layers are formed of an AlO, layer. The
oxidation preventing layer 62b is formed by oxidizing a
metal layer Al after the metal layer Al is formed using a
sputtering process, and the tunneling oxide layer 62c is
formed by the ALD method. Furthermore, the upper
magnetic layer 62d is formed by sequentially stacking a
CoFe layer 62d' and a IrMn layer 62d", which act as the
pinned layer and the pinning layer, respectively, using
sputtering. The seed layer 61 and the capping layer may
be substituted with a Ru layer.

[0054] The conventional MTJ layer of FIG. 10 is
formed by removing the oxidation preventing layer 62b
from the MTJ layer according to an embodiment of the
present invention in FIG. 9.

[0055] FIGS. 11 through 13 are graphs illustrating
characteristics of the conventional MTJ layer and the
MTJ layer of the present invention.

[0056] In specific, FIG. 11 illustrates first and second
graphs G1 and G2 representing resistance changes of
the conventional MTJ layer according to a bias voltage.
The first graph G1 illustrates the resistance changes
when magnetic directions of the upper and lower mag-
netic layers are the same and the second graph G2 il-
lustrates the resistance changes when the magnetic di-
rections of the upper and lower magnetic layers are op-
posite.

[0057] Referring to FIG. 11, the first and second
graphs G1 and G2 overlap and thereby showing that the
resistance of the conventional MTJ layer is the same
regardless of the magnetic directions of the upper and
lower magnetic layers. Therefore, the MR ratio of the
conventional MTJ layer is 0%.

[0058] FIG. 12 illustrates third and fourth graphs G3
and G4 representing the resistance changes of the MTJ
layer of the present invention according to bias voltage
and a fifth graph G5 indicating changes in the MR ratio.
In specific, the third graph G3 shows the resistance
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changes when magnetic directions of the upper and low-
er magnetic layers are opposite and the fourth graph G4
shows the resistance changes when the magnetic direc-
tions of the upper and lower magnetic layers are the
same.

[0059] ReferringtoFIG. 12, unlike the firstand second
graphs G1 and G2 of FIG. 11, the third and fourth graphs
G4 and G5 are separated by a predetermined distance.
This means that the resistance of the MTJ layer of the
present invention is different according to the magnetic
directions of the upper and lower magnetic layers, and
thus, the MTJ layer of the present invention has a pre-
determined MR ratio as shown in the fifth graph G5.
[0060] Referring to the fifth graph G5, the MR ratio of
the MTJ layer of the present invention is 0.13 or 13% at
the predetermined bias voltage, forinstance 100mV. Us-
ing the MR ratio, whether the magnetic directions of the
upper and lower magnetic layers are the same or oppo-
site can be checked. That is, it is possible to sense
whether data " 1 " or "0" is recorded.

[0061] FIG. 13illustrates sixth and seventh graphs G6
and G7 representing the resistance changes of the MTJ
layer of the present invention according to changes in a
magnetic field H applied to the MTJ layer when a bias
voltage is fixed at a predetermined value, for instance
400mV. Although the sixth and seventh graphs G6 and
G7 are to be a continuous single graph, they are illus-
trated separated to provide an easy explanation.
[0062] The sixth graph G6 illustrates the resistance
changes of the MTJ layer of the present invention when
gradually decreasing the strength of the magnetic field
H which is applied to the MTJ layer H untilitis " 0" in
order to equalize the magnetization directions of the up-
per and lower magnetic layers of the MTJ layers and
then gradually increasing the strength of the magnetic
field H in order to make the magnetization directions of
the upper and lower magnetic layers opposite.

[0063] After the strength of the magnetic field H be-
comes "0", when the magnetic field H is strengthened
in a direction opposite to the original, the magnetization
directions of the upper and lower magnetic layers be-
comes opposite to each other. Therefore, resistance of
the MTJ layer of the present invention is increased as
shown in the sixth graph G6. However, when the
strength of the magnetic field H is continuously in-
creased, for instance up to near -300(Oe), the magnet-
ization directions of the upper and lower magnetic layers
of the MTJ layer of the present invention become the
same again, and thus, the resistance of the MTJ layer
of the present invention is decreased. A flat left portion
of the sixth graph G6 illustrates this case.

[0064] The seventh graph G7 illustrates the resist-
ance changes starting from a right end of the flat left
portion in the sixth graph G6. That is, the seventh graph
G7 illustrates the resistance changes of the MTJ layer
of the present invention when gradually decreasing the
strength of the magnetic field H applied to the MTJ layer
Hto " 0", and then gradually increasing the strength of
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the magnetic field H in an opposite direction after the
magnetic directions of the upper and lower magnetic
layers have become the same again.

[0065] As described above, the MRAM according to
the preferred embodiments of the present invention
comprises the tunneling oxide layer which is formed by
the ALD method and the oxidation preventing layer
which is formed using a sputtering method and located
under the tunneling oxide layer. The oxidation prevent-
ing layer prevents oxidation of the interface of the lower
magnetic layer when forming the tunneling oxide layer
by the ALD method. Accordingly, it can prevent the MR
ratio of the MTJ layer from decreasing while forming the
tunneling oxide layer to a uniform thickness.

[0066] This invention may, however, be embodied in
many different forms and should not be construed as
being limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure
will be thorough and complete and will fully convey the
concept of the invention to those skilled in the art. For
example, the lower and upper magnetic layers 62a and
62d of the MTJ layer 62 including the tunneling oxide
layer 62c and the oxidation preventing layer 62b may
have different structures. In addition, the MTJ layer ac-
cording to the exemplary embodiments of the present
invention may be applied to an MRAM having the data
line 52 and the bit line 70 in different structures. Also,
the tunneling oxide layer 62c may be formed of a differ-
ent type of oxide layer and other types of non-oxide layer
playing an equivalent role. Also, the oxidation prevent-
ing layer 62b may be formed of an oxide layer differing
from AIO, or non-oxide.

[0067] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the present invention as defined by
the following claims.

Claims

1. A magnetic random access memory (MRAM) hav-
ing a transistor and
a magnetic tunneling junction (MTJ) layer in
a unit cell, wherein the MTJ layer comprises a lower
magnetic layer, an oxidation preventing layer, a tun-
neling oxide layer, and an upper magnetic layer,
which are sequentially stacked.

2. The MRAM of claim 1, wherein the oxidation pre-
venting layer is formed of an AlO, layer.

3. The MRAM of claim 2, wherein the tunneling oxide
layer is formed of one of an AIO, layer, an
Al Hf1,O, and a Fe30, layer.
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10.

1.

12.

13.

The MRAM of claim 1, 2 or 3, wherein the tunneling
oxide layer is formed of one of an AIO, layer, an
Al Hf;, Oy, and a Fe30, layer.

The MRAM of any preceding claim, wherein the tun-
neling oxide layer has a repeating structure where
respective components are sequentially stacked on
each atomic layer unit.

The MRAM of any preceding claim, wherein one of
the upper and lower magnetic layers includes a free
ferromagnetic layer.

A method of manufacturingan MRAM having a tran-
sistor and a

MTJ layer in a unit cell, wherein the MTJ layer
is formed by sequentially stacking a lower magnetic
layer, an oxidation preventing layer, a tunneling ox-
ide layer, and an upper magnetic layer, and wherein
the tunneling oxide layer is formed by an atomic lay-
er deposition (ALD) method and at least the oxida-
tion preventing layer among the above three mate-
rial layers is formed by a method other than the ALD
method.

The method of claim 7, wherein the oxidation pre-
venting layer is formed using a sputtering method.

The method of claim 7 or 8, wherein the lower mag-
netic layer is formed using one of the sputtering
method and the ALD method.

The method of any of claims 7 to 9, wherein the up-
per magnetic layer is formed using one of the sput-
tering method and the ALD method.

The method of any of claims 7 to 10, wherein the
oxidation preventing layer is formed of an AlO, lay-
er.

The method of any of claims 7 to 11, wherein the
tunneling oxide layer is formed of one of an AlO,
layer, an Al,Hf;,0,, and a Fe;0, layer.

The method of claim 7, wherein one of the upper
and lower magnetic layers includes a free ferromag-
netic layer.
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